The crystal structures and Hirshfeld surface analysis of 6-(naphthalen-1-yl)-6a- nitro-6,6a,6b,7,9,11ahexahydrospiro[chromeno[3 0 0 0 ,4 0 0 0 :3,4]pyrrolo[1,2-c]thiazole-11,11 0 0 0 -indeno [1,2-b] quinoxaline] and 6 0 0 0 -(naphthalen-1-yl)-6a 0 0 0 -nitro-6 0 0 0 ,6a 0 0 0 ,6b 0 0 0 ,7 0 0 0 ,8 0 0 0 ,9 0 0 0 ,-10 0 0 0 ,12a 0 0 0 -octahydro-2H-spiro[acenaphthylene-1,12 0 0 0chromeno [3,4-a] The title compounds, 6-(naphthalen-1-yl)-6a- nitro-6,6a,6 b,7,9,11a-hexahydrospiro[chromeno[3 0 ,4 0 :3,4]pyrrolo[1,2-c]thiazole-11,11 0 -indeno[1,2-b]quinoxaline], C 37 H 26 N 4 O 3 S, (I), and 6 0 -(naphthalen-1-yl)-6a 0 -nitro-6 0 ,6a 0 ,6b 0 ,7 0 ,8 0 ,-9 0 ,10 0 ,12a 0 -octahydro-2H-spiro[acenaphthylene-1,12 0 -chromeno[3,4-a]indolizin]-2-one, C 36 H 28 N 2 O 4 , (II), are new spiro derivatives, in which both the pyrrolidine rings adopt twisted conformations. In (I), the five-membered thiazole ring adopts an envelope conformation, while the eight-membered pyrrolidine-thiazole ring adopts a boat conformation. An intramolecular C-HÁ Á ÁN hydrogen bond occurs, involving a C atom of the pyran ring and an N atom of the pyrazine ring. In (II), the six-membered piperidine ring adopts a chair conformation. An intramolecular C-HÁ Á ÁO hydrogen bond occurs, involving a C atom of the pyrrolidine ring and the keto O atom. For both compounds, the crystal structure is stabilized by intermolecular C-HÁ Á ÁO hydrogen bonds. In (I), the C-HÁ Á ÁO hydrogen bonds link adjacent molecules, forming R 2 2 (16) loops propagating along the b-axis direction, while in (II) they form zigzag chains along the b-axis direction. In both compounds, C-HÁ Á Á interactions help to consolidate the structure, but no significantinteractions with centroid-centroid distances of less than 4 Å are observed.
Chemical context
Nitrogen-containing heterocycles and their derivatives are present in many large molecules suitable for photo-chemical, electrochemical and catalytic applications; moreover, some derivatives also possess non-linear optical (NLO) properties (Babu et al., 2014a,b) . Spiro compounds are potential precursors for biologically important compounds such as amino sugars (NizamMohideen et al., 2009a; Ali et al., 1988) , alkaloids (NizamMohideen et al., 2009c; Goti et al., 1997) , and exhibit antibacterial and antifungal activities (Ravi Kumar et al., 2003) . The 1,3-dipolar cycloaddition of nitrones with olefinic dipolarophiles proceeds through a concerted mechanism yielding highly substituted heterocyclic compounds (Gothelf & Jørgensen, 1998) . The cornerstone for cycloaddition reactions, nitrones, are excellent for spin trapping (NizamMohideen et al., 2009b; Bernotas et al., 1996) and are highly versatile synthetic intermediates (Breuer, 1982) .
The stereochemistry, such as regioselectivity and enantioselectivity, of heterocyclic compounds (Huisgen, 1984) can be studied by 1,3-dipolar cycloaddition reactions. Against this background and considering the importance of their natural occurrence, biological, pharmacological and medicinal activities, use as synthetic intermediates, as well as in view of our ongoing research on the design of novel heterocycles, we have synthesized the title compounds and report herein their crystal structures.
Structural commentary
The bond lengths and angles are close to those reported for similar compounds (Devi et al., 2013a,b; Syed Abuthahir et al., 2019a,b) . In both compounds, the five-membered pyrrolidine ring (N3/C1/C16/C24/C25) adopts a twisted conformation [on C24 and C25 in (I) and on C17 and N1 in (II)], with a pseudotwofold axis passing through the N3-C1 and N1-C12 bonds, respectively. The puckering parameters are: q 2 = 0.357 (2) Å , ' = 307.0 (3) for (I) and q 2 = 0.415 (2) Å , ' = 348.5 (3) for (II). The mean plane of the pyrrolidine ring is almost perpendicular to the mean plane of the cyclopentene ring (C1/C2/C7/C8/ C15), being inclined by 88.5 (2) in (I) and 84.3 (2) in (II). It forms dihedral angles of 57.7 (2) in (I) and 63.0 (2) in (II) with the mean plane of the pyran ring (O1/C16/C17/C22-C24), and subtends dihedral angles of 24.2 (2) in (I) and 45.3 (2) in (II) with the mean plane of the naphthalene ring system (C28-C37). The mean plane of the pyran ring is inclined to the mean plane of the cyclopentene ring by 55.2 (2) in (I) and 36.7 (2) in (II), while it subtends dihedral angles of 64.3 (2) in (I) and 81.0 (2) in (II) with the mean plane of the naphthalene unit.
In (I), the five-membered thiazole ring (S1/C25-C27/N3) adopts an envelope conformation on C25 with a pseudotwofold axis passing through the S1-C26 bond. Its puckering parameters are q 2 = 0.391 (2) Å and ' = 251.9 (3) . The eightmembered pyrrolidine-thiazole ring (S1/C24-C27/C1/C16/N3) adopts a boat conformation with a total puckering amplitude Q = 1.351 (2) Å and ' = 321.43 (8) . The mean planes of the pyran and thiazole rings are inclined to each other by 77.5 (2) . The mean plane of the pyrazine ring (N1/N2/C8/C9/ C14/C15) forms a dihedral angle of 57.1 (2) with the mean plane of the pyran ring, while it is almost perpendicular with respect to the mean plane of the pyrrolidine ring, forming an angle of 89.8 (2) . The pyrazine ring is inclined by 51.9 (2), 1.9 (2) and 69.5 (2) with respect to the mean planes of the thiazole and cyclopentene ring and the naphthalene ring system, respectively. An intramolecular C23-H23Á Á ÁN1 hydrogen bond is formed ( Fig. 1) .
In (II), the six-membered piperidine ring (N1/C13-C17) adopts a chair conformation with puckering parameters q 2 = 0.045 (2) Å , = 175.7 (2) and ' = 22 (3) . The dihedral angle between the acenaphthylene (C1-C12) and naphthalene (C27-C36) ring systems is 63.8 (6) . Moreover, this moiety is inclined of 85.3 (1), 36.1 (1) and 89.4 (2) with respect to the mean planes of the pyrrolidine (N1/C12/C17-C19), pyran (O4/ C18-C20/C25/C26) and piperidine (N1/C13-C17) rings, respectively. The keto atom O1 deviates from the mean plane of the acenaphthylene unit by 0.148 (1) Å . An intramolecular C17-H17Á Á ÁO1 hydrogen bond is present (Fig. 2 ).
Supramolecular features
For both compounds, the crystal structure is stabilized by intermolecular C-HÁ Á ÁO hydrogen bonds (Tables 1 and 2 ). In (I), the C-HÁ Á ÁO hydrogen bonds link adjacent molecules, forming R 2 2 (16) loops propagating along the b-axis direction. The loops are linked by C-HÁ Á ÁS hydrogen bonds, forming layers parallel to the (101) plane; C-HÁ Á Á interactions are present within the layers (Table 1, Fig. 3 ).
In the crystal of (II), molecules are linked by C-HÁ Á ÁO interactions, forming zigzag chains along the b-axis direction ( Fig. 4 and Table 2 ). A C-HÁ Á Á interaction links the chains View of the crystal packing of (II) along the a axis of the unit cell; only the H atoms involved in hydrogen bonding have been included.
Figure 2
The molecular structure of (II), with atom labelling. Displacement ellipsoids are drawn at the 30% probability level. The intramolecular C-HÁ Á ÁO hydrogen bond (Table 2) is shown as a dashed lines. Table 1 Hydrogen-bond geometry (Å , ) for (I).
Cg1 is the centroid of the C9-C14 ring. Symmetry codes: (i) Àx þ 1 2 ; y þ 1 2 ; Àz þ 1 2 ; (ii) x À 1; y; z; (iii) Àx þ 1; Ày; Àz þ 1; (iv) Àx; Ày; Àz þ 1; (v) x þ 1; y; z. Table 2 Hydrogen-bond geometry (Å , ) for (II).
Cg1 is the centroid of the C6-C11 ring. 
Figure 3
View of the crystal packing of (I) along the a axis of the unit cell; only the H atoms involved in the weak interactions have been included. In this orientation, the atom O3 in position 1 À x, Ày, 1 À z is exactly superimposed on the O3 atom in position Àx, Ày, 1 À z, which interacts with C33-H33. The molecule in position Àx, Ày, 1 À z is not shown for clarity.
to form layers parallel to (100), yielding a three-dimensional supramolecular structure. No significantinteractions with centroid-centroid distances of less than 4 Å were observed in either compound.
Hirshfeld surface analysis
The Hirshfeld surface analysis (Spackman & Jayatilaka, 2009) , and the associated two-dimensional fingerprint plots (McKinnon et al., 2007) , employed to analyse the intermolecular contacts in the crystals, were performed with CrystalExplorer17 (Turner et al., 2017) . The Hirshfeld surfaces of (I) and (II) mapped over d norm are given in Figs. 5 and 6, respectively, while the intermolecular contacts are illustrated in Fig. 7 for (I) and in Fig. 8 for (II). They are colour-mapped with the normalized contact distance, d norm , varying from red (distances shorter than the sum of the van der Waals radii) through white to blue (distances longer than the sum of the van der Waals radii). The red spots on the surface indicate the intermolecular contacts involved in hydrogen bonding.
The fingerprint plots for the two compounds are given in Figs. 9 and 10. For (I), they reveal that the principal intermolecular contacts are HÁ Á ÁH (44.9%, Fig. 9b ), CÁ Á ÁH/HÁ Á ÁC (25.0%, Fig. 9c ), OÁ Á ÁH/HÁ Á ÁO (11.8%, Fig. 9d ), SÁ Á ÁH/HÁ Á ÁS (5.4%, Fig. 9e ) and NÁ Á ÁH/HÁ Á ÁN (4.0%, Fig. 9f ), followed by the CÁ Á ÁC contacts (3.5%, Fig. 9g ). For (II), they reveal a similar trend, with the principal intermolecular contacts being HÁ Á ÁH (56.4%, Fig. 10b ), CÁ Á ÁH/HÁ Á ÁC (21.9%, Fig. 10c ), OÁ Á ÁH/HÁ Á ÁO (14.5%, Fig. 10d ), followed by the CÁ Á ÁC contacts (0.9%, Fig. 10e ). In both compounds the HÁ Á ÁH intermolecular contacts predominate. The Hirshfeld surface mapped over d norm for (I) mapped over an arbitrary colour scale of À0.177 (red) to 3.260 (blue).
Figure 6
The Hirshfeld surface mapped over d norm for (II) mapped over an arbitrary colour scale of À0.080 (red) to 3.098 (blue). 
Database survey
A search of the Cambridge Structural Database (CSD, Version 5.39, August 2018; Groom et al., 2016) for the 6 0 -(4phenyl)-6a 0 -hexahydro-2H,6 0 H,6b 0 H-spiro[benzopyrano[3,4a]indolizin]-2-one skeleton yielded five hits: namely 6-(4methoxyphenyl)-6a-nitro-6,6a, 6b,7,8,9,10,12a-octahydrospiro-[chromeno[3,4-a] indolizine-12,3-indolin]-2-one (AFONEQ; Devi et al., 2013a) and 6-(4-methoxyphenyl)-6a- nitro-6,6a,6b,7,8,9,10,12a-octahydrospiro[chromeno[3,4-a] indolizine-12,3-indolin]-2-one (FIDCOM; Devi et al., 2013b) . In addition, the crystal structures of 6-(naphthalen-1-yl)-6anitro-6,6a,6b,7,9,11a-hexahydrospiro[chromeno[3 0 ,4 0 :3,4]pyrrolo [1,2-c]thiazole-11,11 0 -indeno[1,2-b]quinoxaline] (XITKUJ and XITKOD; Syed Abuthahir et al., 2019a) and 6 0 -(naphthalen-1-yl)-6a 0 -nitro-6 0 ,6a 0 ,6b 0 ,7 0 ,8 0 ,9 0 ,10 0 ,12a 0 -octahydro-2H-spiro[acenaphthylene-1,12 0 -chromeno[3,4-a]indolizin]-2-one (XIWRUT01; Syed Abuthahir et al., 2019b) were recently reported by some of us. The bond lengths and bond angles are very similar to those reported here for the title compounds.
Synthesis and crystallization
Compound (I): to a solution of indenoquinoxalinone (0.232 g, 1.0 mmol) and thiazolidine-4-carboxylic acid (0.199 g, 1.5 mmol) in dry toluene, 0.302 g (1.0 mmol) of 2-(naphthalen-1-yl)-3-nitro-2H-chromene were added under a nitrogen atmosphere.
Compound (II): to a solution of acenaphthoquinone (0.182 g, 1.0 mmol) and pipacolinic acid (0.193 g, 1.5 mmol) in dry toluene, (0.302 g, 1 mmol) of 2-(naphthalen-1-yl)-3-nitro-2H-chromene were added under a nitrogen atmosphere.
The solutions were refluxed for 18 h in a Dean-Stark apparatus to give the cycloadducts. After completion of the reactions as indicated by TLC, the solvent was evaporated under reduced pressure. The crude products obtained were purified by column chromatography using hexane/EtOAc (7:3) as eluent (yield 84%). Colourless block-like crystals of the title compounds, suitable for X-ray diffraction analysis, were obtained by slow evaporation of solutions in ethanol.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . All H atoms were positioned geometrically, with N-H = 0.86 Å , C-H = 0.93-0.97 Å , and constrained to ride on their parent atoms with U iso (H) = 1.5U eq (C-methyl) and 1.2U eq (N, C) for all other H atoms.
Figure 9
The full two-dimensional fingerprint plot for (I) (a), and the fingerprint plots delineated into (b) HÁ Á ÁH, (c) CÁ Á ÁH/HÁ Á ÁC, (d) OÁ Á ÁH/HÁ Á ÁO, (e) SÁ Á ÁH/HÁ Á ÁS, (f) NÁ Á ÁH/HÁ Á ÁN and (g) CÁ Á ÁC contacts.
Figure 10
The full two-dimensional fingerprint plot for (II) (a), and the fingerprint plots delineated into (b) HÁ Á ÁH, (c) CÁ Á ÁH/HÁ Á ÁC, (d) OÁ Á ÁH/HÁ Á ÁO and (e) CÁ Á ÁC contacts.
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Computing details
For both structures, data collection: APEX2 (Bruker, 2008) ; cell refinement: SAINT (Bruker, 2008) ; data reduction:
SAINT (Bruker, 2008) ; program(s) used to solve structure: SHELXT2018 (Sheldrick, 2015a); program(s) used to refine structure: SHELXL2018 (Sheldrick, 2015b); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and Mercury (Macrae et al., 2008) . Software used to prepare material for publication: WinGX (Farrugia, 2012), publCIF (Westrip, 2010) and PLATON (Spek, 2009 for (I); WinGX (Farrugia, 2012), publCIF (Westrip, 2010) and PLATON (Spek, 2009 ) for (II). where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max < 0.001 Δρ max = 0.36 e Å −3 Δρ min = −0.34 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
6-(Naphthalen

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq C1 0.1161 (2) 0.24359 (15) 0.30919 (6) 0.0494 (5) C2 0.0918 (2) 0.23613 (16) 0.25673 (7) 0.0541 (5) (12) N3 0.0424 (9) 0.0652 (11) 0.0437 (9) −0.0082 (8) 0.0065 (7) 0.0062 (8) N4 0.0532 (11) 0.0584 (11) 0.0425 (9) −0.0018 (9) 0.0063 (8) 0.0021 (8) O1 0.0589 (9) 0.0785 (10) 0.0483 (8) −0.0286 (7) 0.0026 (6) 0.0055 (7) O2 0.0502 (9) 0.0822 (11) 0.0953 (12) 0.0063 (7) 0.0185 (8) 0.0192 (9) O3 0.0709 (10) 0.0622 (9) 0.0586 (9) −0.0008 (7) 0.0085 (7) 0.0144 (7) S1 0.0740 (4) 0.0978 ( (17) C18-C19-C20 120.6 (2) C28-C37-C32 118.01 (17) C18-C19-H19 119.7 C15-N1-C14 114.5 (2) C20-C19-H19 119.7 C8-N2-C9 114.8 (2) C21-C20-C19 119.6 (2) C27-N3-C25 109.89 (15) C21-C20-H20 120.2 C27-N3-C1 121.03 (15) C19-C20-H20 120.2 C25-N3-C1 111.50 (14) C20-C21-C22 120.0 (2) O2-N4-O3 120.76 (14) (17) C26-S1-C27 93.26 (9)
2.4 (4) C23-C24-C25-C26 −162.86 (16) C3-C2-C7-C6 1.8 (3) N3-C25-C26-S1 −39.77 (16) C1-C2-C7-C6 179.58 (19) C24-C25-C26-S1 −155.37 (13) C3-C2-C7-C8 −178.23 (18) O1-C23-C28-C29 −37.1 (2) C1-C2-C7-C8 −0.5 (2) C24-C23-C28-C29 84.4 (2) C5-C6-C7-C2 −2.6 (3) O1-C23-C28-C37 141.13 (16) C5-C6-C7-C8 177.5 (2) C24-C23-C28-C37 −97.4 (2) C2-C7-C8-N2 −177.9 (2) C37-C28-C29-C30 0.0 (3) C6-C7-C8-N2 2.0 (4) C23-C28-C29-C30 178.23 (18) C2-C7-C8-C15 1.4 (2) C28-C29-C30-C31 
107.98 (17) S1-C27-N3-C25 −27.14 (18) C2-C1-C16-C24 −138.67 (16) S1-C27-N3-C1 105.11 (17) (16) C25-C26-S1-C27 20.61 (14) O1-C23-C24-N4 62.48 (18) N3-C27-S1-C26 2.64 (15) Hydrogen-bond geometry (Å, º) Cg1 is the centroid of the C9-C14 ring. -1-yl)-6a′-nitro-6′,6a′,6b′,7′,8′,9′,10′,12a′- 
6′-(nNphthalen
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq C1 0.11638 (5) 0.06508 (18) (11) 0.0065 (11) 0.0135 (9) −0.0075 (11) C16 0.0515 (11) 0.0555 (11) 0.0457 (10) −0.0018 (9) 0.0096 (8) −0.0066 (9) C17 0.0497 (10) 0.0397 (9) 0.0320 (8) −0.0028 (8) 0.0053 (7) −0.0003 (7) C18 0.0494 (10) 0.0364 (9) 0.0304 (8) 0.0001 (7) 0.0054 (7) 0.0016 (7) (11) C25 0.0569 (12) 0.0527 (11) 0.0420 (10) 0.0078 (9) 0.0037 (9) −0.0003 (9) C26 0.0485 (10) 0.0374 (9) 0.0385 (9) −0.0019 (8) 0.0075 (8) 0.0025 (7) sup-12
Acta Cryst. (2019). E75, 1519-1524 C27 0.0442 (10) 0.0399 (9) 0.0406 (9) 0.0026 (7) 0.0064 (8) −0.0017 (8) C28 0.0449 (10) 0.0399 (10) 0.0486 (10) 0.0050 (8) 0.0018 (8) −0.0051 (8) C29 0.0663 (13) 0.0409 (10) 0.0635 (13) −0.0014 (9) 0.0117 (10) −0.0022 (9) C30 0.0810 (16) 0.0437 (12) 0.0903 (17) −0.0069 (11) 0.0079 (13) 0.0020 (12) C31 0.0918 (18) 0.0391 (12) 0.104 (2) 0.0025 (11) −0.0069 (15) −0.0148 (13) C32 0.0802 (16) 0.0533 (13) 0.0797 (16) 0.0144 (12) −0.0028 (13) −0.0254 (12) C33 0.0525 (11) 0.0490 (11) 0.0578 (12) 0.0125 (9) −0.0005 (9) −0.0120 (9) C34 0.0679 (14) 0.0736 (15) 0.0543 (12) 0.0145 (11) 0.0183 (11) −0.0170 (11) C35 0.0673 (13) 0.0734 (15) 0.0537 (12) 0.0045 (11) 0.0240 (10) −0.0015 (11) C36 0.0613 (12) 0.0479 (11) 0.0494 (11) 0.0010 (9) 0.0142 (9) −0.0020 (9) N1 0.0514 (9) 0.0416 (8) 0.0400 (8) −0.0027 (7) 0.0073 (7) −0.0072 (6) N2 0.0598 (10) 0.0397 (8) 0.0342 (8) 0.0023 (7) 0.0069 (7) −0.0012 (7) O1 0.0850 (10) 0.0700 (10) 0.0530 (8) −0.0173 (8) −0.0057 (7) 0.0154 (8) O2 0.0614 (8) 0.0619 (9) 0.0445 (7) −0.0041 (7) −0.0042 (6) −0.0052 (6) O3 0.0911 (10) 0.0452 (8) 0.0497 (8) −0.0023 (7) 0.0028 (7) 0.0117 (6) O4 0.0599 (8) 0.0432 (7) 0.0428 (7) 0.0028 (6) 0.0073 (6) 0.0067 (5) Geometric parameters (Å, º) 
